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ABSTRACT 
WEST NILE VIRUS, MOSQUITO ATTRACTANTS, COMPETITION, 
ENVIRONMENTAL CONDITIONS, AND RESISTANCE 
December 2003 
ALAN B. WELLS 
B S GEORGIA SOUTHERN UNIVERISITY 
M.S. GEORGIA SOUTHERN UNIVERSITY 
Directed by: Professor Daniel V. Hagan 
The six main objectives of this project were: 1) test for levels of West Nile Virus 
in mosquitoes collected at a Fulton County Recreational Facility, 2) assay various 
mosquito oviposition attractants on West Nile virus positive female mosquitoes, 3) test 
effects of distance between mosquito infusion attractants, 4) determine effects of study 
site location, treatment, and competition distances on mosquito collections, 5) test for any 
correlation between environmental factors and mosquito abundance, and 6) measure 
levels of enzymatic insecticide resistance present in species of female mosquitoes that 
tested positive for the presence of West Nile Virus. Of the two species that were 
collected, only Culex quinquefasciatus females were found to contain West Nile Virus. 
Of the three oviposition media tested, fescue grass infusion was the most effective for 
capturing both Cx. quinquefasciatus and Aedes albopictus females. The distance between 
the organic media attractants tested did not show any significant effect on attractancy of 
the media, when analyzed with the variation of location and treatment. A positive 
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correlation was found between minimum air temperature, maximum air temperature, and 
average air temperature and mean mosquitoes collected A negative correlation was 
found between mean wind speed and mean mosquitoes collected. No correlation was 
found between mean dew point or mean precipitation and total mosquitoes collected. 
Assays of the enzymatic levels in Cx. quinquefasciatus females showed good evidence 
for presence of the A2B2 amplicon and B1 complex, and thus revealed the presence of 
insecticide resistance in the sampled mosquito population. 
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Chapter I 
INTRODUCTION 
West Nile vims (WNV) has emerged recently in the temperate regions of North 
America as a severe threat to human and animal health (Fig. 1). West Nile virus is an 
arbovirus carried by mosquitoes and may cause encephalitis (inflammation of the brain) 
or meningo-encephalitis (inflammation of the brain and spinal cord) when transmitted to 
a wide variety of animal such as humans, equines, or competent birds (Gelfand 2003). 
West Nile virus was discovered in 1937 in Uganda, Africa, and is indigenous to 
Africa, Asia, Europe, and Australia (Gelfand 2003). The index case was an elderly 
woman susceptible due to her immuno-compromised condition, who was located in the 
West Nile District (Rappole et al. 2000). Over the next 60 years the ecology, 
distribution, symptomatology, diagnosis, and treatment of the disease were revealed The 
rapid spread of West Nile virus throughout the United States from its first recorded 
origins in the Borough of Queens, New York City, in 1999 has led to increased scientific 
interest in this pathogen, and it has become a major concern throughout the nation 
(Rappole et al. 2000). 
West Nile virus, belongs to the genus Flavivirus, Japanese Encephalitis Antigenic 
Complex, and is a member of the family Flaviviridae (Gelfand 2003). The Flaviviridae 
also includes viruses such as St. Louis encephalitis virus in North and South America, 
Japanese encephalitis virus in Asia, and Murray Valley encephalitis in Australia (Gelfand 
2003). West Nile virus is symmetric and approximately 40-60 nm in size, with an 
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enveloped icosahedral nucleocapsid. West Nile virus contains positive sense single 
stranded RNA that is approximately 10,000 to 11,000 base pairs long (CDC 2002b). 
West Nile virus is found throughout the Middle East, Western Asia, Europe, the 
Mediterranean, Africa, and now North America (CDC 1999). The strain that was 
identified in the Borough of Queens in the 1999 outbreak has been shown to have a 99% 
homology with a strain found in Israel in 1998 (White et al. 2001). As of 2002, West 
Nile's North American presence had been identified through positive laboratory reports 
that confirmed infection in many animals including birds and humans in 39 states and a 
the District of Columbia in the U S. 
Vectors of transmission for West Nile virus are competent female mosquitoes 
(Gelfand 2003). The virus is maintained in the host population by these blood-feeding 
arthropods (Gelfand 2003). In the United States, West Nile virus can be transmitted 
effectively by a wide variety of common mosquito species including Aedes albopictus, 
Ae. japonicus, Ae. atropalpus, Ae. sollicitans, and Culexpipiens (Turell et al. 2001). 
Since the 1999 outbreak of West Nile Virus, the Centers for Disease Control and 
Prevention has found the following 36 mosquito species in positive mosquito pools: Ae. 
albopictus, Ae. aegypti, Ae. vexans, Ae. cinereus, Anopheles barberi, An. atropos, An., 
crucians/bradleyi, An. punctipenms, An., quadrimaculatus, An. walken, Co. perturbans. 
Cm. inornata, Culiseta melamtra, Cx. abominator, Cx. erraticus, Cx. nigripalpus, Cx. 
pipiens, Cx. quinquefasciatus, Cx. restuans, Cx. salinarius, Cx. tarsalis, Cx. territans, 
Deinocerites cancer, Ochlerotatus atropalpus, O. atlanticus/tormentor, O. canadensis, O. 
cantator,0. japonicus, O. sollicitans, O. taeniorhynchus, O. triseriatus, O. trivittatus, and 
Orthopodongia signifera (CDC 2003a). 
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The transmission cycle of West Nile virus begins when a female mosquito takes a 
blood meal from an infected migratory or non-migratory bird (Rappole et al. 2000). The 
female mosquito finds a potential avian blood meal through a combination of carbon 
dioxide output, temperature ranges, moisture, odor, and various visual factors. This host- 
seeking behavior can occur noctumally, diumally, or crepuscularly, depending on the 
mosquito species and environmental conditions (Clements 1963). The female mosquito 
draws up the avian blood by means of a muscular pharyngeal pump, and a stimulation of 
special sensory organs in the buccal cavity determines the disposition of the meal in the 
digestive tract (Chamberlain and Sudia 1961). The presence of intact blood cells is 
believed to stimulate a partial or complete contraction of sphincter muscles of the 
diverticula, causing the bulk of the meal to go to the hind portion of the mid-gut 
(Chamberlain and Sudia 1961). After the infected blood meal is taken by the mosquito, 
the virus can be biologically transmitted to susceptible birds (McLean et al 2001). 
Transmission can also occur from infected mosquitoes to humans, to equines, and other 
mammals, all of which are probably unlikely to serve as important amplifying hosts for 
West Nile virus in nature (Bunning et al. 2002). 
After introduction into a new susceptible host, the virus undergoes a 2-week 
incubation period. After the incubation period, viral proliferation occurs in the 
circulatory system of the vertebrate host (infectious or noninfectious viremia), followed 
by movement of the virus across the blood-brain barrier. During this period of viral 
replication and proliferation other mosquitoes may take an infective blood meal from the 
host. The West Nile virus may eventually re-enter the salivary glands of the mosquito 
and continue the cycle to the next susceptible host (CDC 2002b). It is now known that 
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humans may also acquire the virus through blood transfusions (CDC 2002c) or 
breastfeeding (CDC 2002d). 
Symptoms of West Nile virus in its most serious form are encephalitis or 
meningo-encephalitis. The virus affects the central nervous system of the host and causes 
loss of function with inflammation and destruction of brain tissue. Most patent infections 
of West Nile virus in healthy adults are mild, traditionally known as West Nile Fever, 
with milder symptoms including fever, swollen lymph glands, skin rash, headaches, and 
body aches. These symptoms are common in a healthy adult with a strong immune 
system. A more severe infection, traditionally known as West Nile encephalitis, may 
include symptoms such as headache, stupor, neck stiffness, high fever, muscle weakness, 
disorientation, tremors, convulsions, coma, paralysis, and occasionally death. These 
symptoms are more likely in either the very young, elderly, or immuno-compromised 
individuals. Laboratory diagnosis can be made using blood from the infected patient 
(CDC 2002b). 
Adequate vector and viral surveillance are major components of any successful 
integrated pest management program to prevent the spread of an arbovirus such as West 
Nile virus through the human, equine, and avian populations. Surveillance is defined as 
"the systematic collection of data pertaining to the occurrence of specific diseases 
transmitted by arthropods, the analysis and interpretation of these data, and the 
dissemination of consolidated and processed information to other interested persons" 
(NYSDH 2000). Evaluating and determining the efficacy of various vector surveillance 
equipment for the collection of mosquitoes, such as CDC gravid traps (which are 
portable, battery-powered devices that collect large numbers of live gravid female 
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mosquitoes, Reiter 1983), are major factors in developing a thorough, sensible, and labor- 
saving surveillance plan (Fig. 2). 
Choosing the correct infusions of fermented organic matter that attract gravid 
female mosquitoes is an important aspect of deploying CDC gravid traps for inventory of 
species and viral activity. Female mosquitoes use both chemical and physical cues when 
determining an adequate site for oviposition. Some of these cues include color, optical 
density of the water, oviposition substrate moisture and texture, reflectance, temperature, 
as well as olfactory and nonvolatile chemical cues that are detected by contact 
chemoreception (Trexler et al 1998). Various organic matter, such as hay and sod, can 
be used to create productive attractants, with a standard 5 to 7 day aged infusion. 
The effect of distance on trap competition between various oviposition attractants 
in CDC gravid traps is an important aspect of constructing an experimental design for any 
type of infusion preference experiment. Studies suggest that catch size by CDC gravid 
traps is sensitive to the trap placement and the number of competitive oviposition sites 
(Reisen and Meyer 1990) Identifying whether reducing distances between traps results 
in competition between various attractants is an important question. Improving the 
techniques used to obtain vector surveillance data is important to the prevention or 
reduction of West Nile virus infection. 
Environmental conditions such as mean, maximum, and minimum temperatures, 
and mean precipitation have an effect on the activity patterns of various species of 
mosquitoes These environmental conditions have been shown to be useful in 
determining when the most appropriate collection period is to obtain large quantities of 
mosquitoes known to vector West Nile virus (Alto and Juliano 2001). In open areas, 
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wind reduces the catch of CDC gravid traps (Reiter et al. 1986). Wind speed may also 
hinder the flight frequency of various species of mosquitoes, thus reducing their ability to 
travel to a CDC gravid trap. The effect of dew point (a measure of relative humidity) on 
mosquito capture rates is poorly known. By determining the correlations between 
environmental conditions and mosquito emergence numbers, viral surveillance can be 
more efficient and more productive. 
Because mosquitoes vector many diseases, insecticide resistance in this family of 
insects is a genuine and continuing concern. Resistance mechanisms are thought to be 
common for all vectors of disease, but are also seen as unique in that the resistant foci 
may involve a complex pattern unique to a species. Mosquitoes and other insects have 
developed resistance to every class of chemical insecticide, including insect growth 
regulators and microbial agents. The best defense against mosquito insecticide resistance 
is the careful surveillance of susceptible vector populations (Brogdon and McAllister 
1998). 
The predominant form of biochemical resistance is detoxification enzyme-based 
resistance, which is encountered when elevated levels or modified activities of 
glutathione S-transferases (GST), esterases, or oxidases prevent various insecticides from 
reaching the site of action. Esterases and oxidases are members of large multigene 
families that produce enzymes responsible for the detoxification of xenobiotics in 
mosquitoes and other living organisms. Esterases are one of the most common 
mechanisms associated with resistance in mosquitoes and other insects. They are made 
up of six families of proteins that belong to the superfamily ct/p hydrolase. These 
esterases hydrolyze ester linkages in a wide range of insecticides such as 
7 
organophosphates (e.g., fenitrothion, malathion). In mosquitoes, they occur as a cluster 
of genes on the same chromosome These gene clusters can be modified in regards to 
instances of insecticide resistance, or act as multiple-gene copies that are amplified in 
insecticide resistant mosquitoes or other insects (Brogdon and McAllister 1998). 
Oxygenases, or cytochrome P450 oxidases, are able to metabolize insecticides in 
mosquitoes and other insects through 0-, S-, and N- alkyl hydroxylation, aliphatic 
hydroxylation and epoxidation, aromatic hydroxylation, ester oxidation, and nitrogen and 
thioether oxidation. Cytochrome P450 oxidases belong to a large superfamily; four of the 
P450 families (4, 6, 9, and 18) have been identified from insects. Family 6 is known to 
be responsible for resistance in insects and occurs in Diptera as a cluster of genes on a 
single chromosome. Over-expression in insects results in enhanced levels of oxidases 
that cause resistance (Brogdon and McAllister 1998). 
There are various ways of detecting and monitoring insect resistance including 
bioassays, biochemical, or molecular assays Colorimetric-based biochemical assays that 
measure enzymatic levels in adult or larval stage mosquitoes are a simplified process that 
generates information when a limited number of mosquitoes are available (Brogdon and 
McAllister 1998). 
Objectives 
A major objective of my thesis was to determine the most effective mosquito 
attractants, from a group of known standard attractants that might be used to collect 
potential mosquito species that vector West Nile virus. A subset of this objective was to 
determine whether the competition between the attractants became greater when the trap 
placement distance was reduced. The secondary objective was to measure the level of 
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West Nile viral prevalence in an area with prior problems with the disease emerging in a 
susceptible avian population with high human traffic. The third objective was to measure 
any correlation of environmental factors with species emergence and activity during 
collection periods. The fourth objective was to measure any pesticide resistance in the 
Cx. quinquefasciatus population from location A, of the Fulton County Recreational 
Facility, a location that has had birds previously infected with West Nile Virus (Fig. 3). 
My hypotheses for the project were the following, I predicted that: I. The hay and 
fescue grass treatments would be statistically the most successful infusion types, and 
would attract different species of adult male and gravid female mosquitoes in statistically 
different proportions, and the distilled water control treatment would not attract a 
statistically significant proportion of adult male and gravid female mosquitoes at each of 
the three locations. II. Competition between the three different treatment types would be 
evident as distance between ovitraps decreased III. The presence of West Nile virus 
over the mosquito collection period would be the most abundant at location A, of the 
Fulton County Recreation Facility. IV. A positive statistical correlation would be found 
between individual environmental conditions and mosquito species abundance. V. There 
would be no adult gravid female Cx. quinquefasciatus adulticide resistance at location A, 
of the Fulton County Recreational Facility. 
This project will be useful for planners and practitioners to safeguard the public 
health of our citizens through development of Integrated Pest Management techniques. 
Knowledge of the abundance and diversity of mosquitoes positive for virus, any pesticide 
resistance, and techniques most efficient for surveying mosquito populations should 
prove to be useful in control of vectors of the West Nile virus. 
Chapter II 
MATERIALS AND METHODS 
Study Site 
Mosquitoes were collected July-November 2002 from a Fulton County, Georgia 
recreational facility. Collections of mosquitoes were carried out at three separate 
locations within the recreational facility. The latitude-longitude coordinates of the 
collection sites were the following: location A, N 33.7338°/ W 84.4371°, location B, N 
33.7308°/ W 84.3694°, and location C, N 33.73257 W 84.3691°. All of the collection 
sites were at least 0.16 km away from one another. The exact distances between the 
collection locations were as follows: location A to B was 0.38 km, location A to C was 
0.27 km, and location B to C was 0.19 km. Location A was adjacent to an exotic bird 
enclosure in an area of deciduous trees with a moderate grade. Location B was adjacent 
to a grassy meadow area located next to a horticultural center Location C was adjacent 
to the motor pool, in a pine straw covered area with sparse pine saplings. 
Infusion Preference and Competition Experiment 
Collections of mosquitoes for this portion of the project were carried out at the 
three separate locations during the period July through October 2002. Nine CDC gravid 
mosquito traps were placed each collection night at one of the three locations. Within 
each study location were three positions, each of which was measured, marked, and 
remained unchanged throughout the project The gravid mosquito traps consisted of a 
10 
large green plastic basin that held ca. 3 .79 liters of liquid medium, with an induction fan 
enclosed in a black hollow plastic tube, that was supported with two hollow aluminum 
rails fastened with stainless steel nuts and bolts (Fig. 2). The running unit was placed 
directly over the tub before activation The induction fan generated a gentle upward 
current of air capable of capturing small flying arthropods, and dispensed them into a fine 
white mesh collection net at the top of the tube. A 6-volt battery, developing 0.125 mA 
per hour, connected to the electric fan motor was used to power the gravid mosquito trap 
(NYSDH 2000). These traps were designed to collect gravid mosquitoes attracted to a 
suitable organic medium (Reiter 1983). The mosquito traps were set up with three 
replicates. The original and replicate gravid mosquito trap groups were each separated by 
a distance of 25 m due to space restrictions and for continuity within the experiment (Fig. 
4) 
Each experimental group of gravid mosquito traps contained the following three 
treatments: a standard 7-day infusion of fescue grass (85 .05 g of dry material per 3 .79 
liters), a standard 7-day infusion of alfalfa hay (85.05 g of dry material per 3.79 liters), 
and distilled water as a control. The location of each individual treatment was measured, 
marked, and remained unchanged throughout the project, except for changing of the 
distances for the competition aspect of the study. The infusions were allowed to ferment 
for 7 days in covered outdoor containers and 1.9 liters of each treatment were placed in 
each trap on the 8th day of the collection period. The gravid traps and their specific 
infusion treatments were rotated within the experimental groups following a Latin Square 
design, thus running the experiment three times before moving to the next site (Sokal and 
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Rohlf 2000). New infusion medium was used for each collection period due to the 
dynamic nature of the organic matter infusions over time (Isoe et al 1995). 
Each trapping period lasted for 24 hours, and the infusion preference and 
competition experiments were run for 27 trapping periods over the 4-month period, for a 
total of 243 trapping nights. Collections were made at location A for three trapping 
periods, then three trapping periods at location B, and finally three trapping periods at 
location C, where the gravid traps and their corresponding treatments were separated a 
distance of three m from the center of the container. This schedule was then replicated 
two more times. In the second replication, the gravid traps and their corresponding 
treatments were separated a distance of two m from the center of each container. In the 
third replication period the gravid traps and their corresponding treatments were 
separated a distance of one m from the center of each container (Fig. 4); this was to test 
whether catch size of the CDC gravid traps was sensitive to trap placement (Reisen and 
Meyer 1990). 
After each trapping period mesh collection nets were removed from the gravid 
mosquito trap. The net was then marked with location, treatment, and stored in dry ice (- 
78.50C) for transport to the laboratory The mesh collection nets were placed in a 
dedicated commercial refrigerator (4.40C). The mosquitoes were then separated into petri 
dishes labeled with location, site, placement, and treatment. The mosquitoes were 
identified to sex and species, and counted using a dissecting microscope and a chill table 
(Darsie and Morris 2000). 
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West Nile Viral Surveillance 
Mosquitoes collected during the infusion preference and competition portion of 
the project were tested for presence of West Nile Virus, as well as Eastern Equine 
Encephalitis, Saint Louis Encephalitis, and other arboviruses using Polymerase Chain 
Reaction (PCR) assay. The PCR technique detected the genetic material present in the 
viral agent, and has been used successfully for monitoring WNV in its natural circulation 
in the past (White et al. 2001). The Southeastern Cooperative Wildlife Disease Study 
(SCWDS) Group, University of Georgia, Athens performed the viral testing. The 
mosquitoes were grouped into pools (up to 30 specimens) separated by species, 
gonotrophic state, sex, collection location, and collection date and placed in individual 
plastic o-ring vials containing two small commercial copper pellets (SCWDS 2002). The 
collection data, species and sex were recorded, and then the vials were placed in an ultra- 
low temperature freezer (-70 0C), until transported for viral testing. Upon notification of 
mosquitoes positive for WNV the proper authorities for both Fulton County and the 
Fulton County recreational facility were contacted by the Georgia Department of Health 
medical entomologist (GDPH 2002). 
Environmental Conditions and the Effects on Mosquito Activity 
Environmental data were obtained for each of the trapping nights from Hartsfield 
International Airport, Atlanta GA., latitude 33 38° N, and 84.25° W, the National 
Oceanographic and Atmospheric Administration (NOAA 2002). The average, minimum, 
and maximum air temperatures, precipitation amount, wind speed, and dew point were 
obtained (NOAA 2002). 
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Adult Gravid Female Mosquito Resistance Profiles 
Microplate assays were carried out to ascertain the presence of any resistant adult 
gravid female Cx. quinquefasciatus mosquitoes collected at location A, of the Fulton 
County Recreational Facility. The four microplate assay tests used for resistance 
profiling were the elevated non-specific a-esterase, elevated non-specific (3-esterase, 
oxidase reaction to measure heme peroxidase levels, and protein assay to measure the 
amount of total protein present to quantify the size of each mosquito (Brogdon 2002). 
The collections of 32 Cx. quinquefasciatus egg rafts were completed during the period of 
July through October 2002. Egg rafts were collected from ovitraps that contained either 
1.9 1 of hay or fescue grass infusion and that were left in the field collection sites for a 
period of 24-48 hrs (Service 1976). Individual egg rafts were collected, separated, and 
transported to the CDC insectary. 
The CDC insectary is a limited-access facility in which the mosquito colonies 
were confined within screened cages. This facility maintained an overhead incandescent 
light environment with proper temperature and humidity levels that permitted the rearing 
and maintenance of various mosquito species. Collected egg rafts were placed into 
separate porcelain larval rearing pans two-thirds filled with distilled water and covered 
with plexi-glass covers. The eggs were hatched and allowed to develop through the four 
larval stages, and fed a mixture of approximately 2-3 g rabbit food pellets and 5 ml of 
brewer's yeast each day. Upon development to the pupal stage, the pupae from each 
individual tray were separated and transferred into separate enclosed wire-mesh covered 
containers to allow for the emergence of the adult mosquitoes The species were 
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identified, and being able to quantify the age of the mosquitoes assured less variation for 
the resistance microplate assays. 
The microplate assays were run in triplicate for each individual mosquito to be 
tested. The entire egg raft colony was killed by placing them in a dedicated commercial 
refrigerator (32-40oC), and one randomly selected female was utilized from each set of 
adults reared from each egg raft. Adult Cx. quinquefasciatus females (32 females from 
32 individual egg rafts) were homogenized individually in 2 ml Eppendorf tubes with 
100|j.l of buffer (KPO4). Each sample was diluted further to 1 ml by adding 900 |al of 
additional buffer (KPO4). This technique increased the number of tests that could be 
conducted on each mosquito. Mosquito homogenate (500 ^1) was removed from each of 
the 32 individual tubes and pipetted into corresponding 2 ml Eppendorf tubes, which 
provided a total of 64 samples for testing. Various reagents were added in each of the 
four specific assays according to CDC microplate protocol (Brogdon 2002) All reagents 
were from Sigma (St. Louis, Missouri, U.S.A.) unless otherwise indicated. 
The elevated non-specific a and |3 esterase assay chemical protocols were 
identical except for the use of either a- or (3- naphthyl acetate (determined by test). For 
these chemical assays 100 |il of mosquito homogenate was placed in each well, 100 jal of 
either a or P-naphthyl acetate was added to each well, the plate was incubated at room 
temperature for 10 minutes, 100 |il of Dianisidine was added, and each well was then 
incubated for 2 minutes and read using the 540 nm filter. A negative control of 
Potassium Phosphate Buffer (KPO4) was included 
For oxidase assays, 100 |il of mosquito homogenate were placed in each well and 
200 (xl of Tetramethyl-Benzidine and 25 fil of 3% hydrogen peroxide were added. This 
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mixture was incubated for 5 minutes and read with a 620 nm filter. A negative control of 
Phosphate Buffer (KPO4) was also included. For protein assays 20 |_tl of mosquito 
homogenate was placed in each well and: 80 (il of KPO4 buffer, and 20 of protein dye 
reagent from Bio-Rad (Hercules, CA, U S A ), were added The plate was immediately 
read using a 620 nm filter (Brogdon 2002). A negative control of Phosphate Buffer 
(KPO4) was included 
Statistical Analysis 
Quantitative statistical analysis for study site, infusion preference, competition 
experiment. West Nile viral surveillance, and environmental conditions and the effects on 
mosquito activity were performed by JMP® statistical software (SAS Institute Inc., Cary, 
North Carolina). 
Chapter III 
RESULTS 
Study Site, Infusion Preference and Competition Experiment 
Two frequently used organic-medium mosquito attractants and a distilled water 
control were employed in gravid mosquito traps to determine the most effective means of 
capturing West Nile Virus positive female mosquitoes during a four-month surveillance 
period (Table 1). There was a significant difference between the distilled water control, 
alfalfa hay infusion treatment, and fescue grass infusion treatment, in regards to the mean 
number of mosquitoes collected (F = 15 .7, df = 2, 240, P < 0.0001). The fescue grass 
infusion treatment was the most successful for the collection of mosquitoes with a mean 
of 56.4 mosquitoes collected per trapping period, followed by the alfalfa hay infusion 
treatment with a mean of 28.9 and the distilled water control with a mean of 4.3. There 
was a significant difference between the three treatments as to the mean number of Cx. 
quinquefasciatus females (F = 18.7, df = 2, 240, P < 0.0001), Cx. quinquefasciatus males 
(F = 4.8, df = 2, 240, P < 0.0087), and Ae. albopictus females (F = 6.8, df = 2, 240, P < 
0.0013) collected (Fig. 5). The fescue grass infusion treatment was the most successful 
for the collection of Cx. quinquefasciatus female mosquitoes with a mean of 39 1 
mosquitoes collected per trapping period, followed by the alfalfa hay infusion treatment 
with a mean of 21.1 and the distilled water control with a mean of 1.3. The fescue grass 
infusion treatment was the most successful for the collection of Cx. quinquefasciatus 
male mosquitoes with a mean of 12.6 mosquitoes collected per trapping period, followed 
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by the alfalfa hay infusion treatment with a mean of 5.6 and the distilled water control 
with a mean of 1.5. The fescue grass infusion treatment was the most successful for the 
collection ofAe. albopictus female mosquitoes with a mean of 4.0 mosquitoes collected 
per trapping period, followed by the alfalfa hay infusion treatment with a mean of 2.0 and 
then the distilled water control with an average of 1.3 No significant differences were 
observed between the three treatments for the mean number of Ae. albopictus males 
collected (F = 2.8, df = 2, 240, P < 0.0605). 
Locations within the facility differed in the number of mosquitoes captured (F = 
29.0, df = 2, 240, P < 0.0000), (Table 2). Location A collected the largest number of 
mosquitoes with a mean of 68.8 mosquitoes collected during each trapping period, 
followed by location B with a mean of 12.6 and then location C with a mean of 8 3 
There was a significant difference between the mean number of female Cx. 
quinquefasciatus mosquitoes (F = 3.5, df = 2, 240, P < 0.0301), and male Cx. 
quinquefasaatus mosquitoes (F = 9.1, df = 2, 240, P < 0.0001) collected in gravid traps at 
each of the three distances in the Fulton County recreational facility (Table 3). The Cx. 
quinquefasciatus female mosquitoes were collected in the largest numbers at the 3-m 
distance with a mean of 28.0 per trapping period, followed by the 2-m distance with a 
mean of 22.5 and then the 1-m distance with a mean of 11.0. The Cx. quinquefasciatus 
male mosquitoes were collected in the largest numbers at the 3-m distance with a mean of 
14 9 per trapping period, followed by the 2-m distance with a mean of 4.5 and then the 1- 
m distance with a mean of 0.3. No significant differences were observed between the 
numbers of female or male Ae. albopictus mosquitoes collected in gravid traps at each of 
the three distances in the Fulton County recreational facility. Significant interactions 
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were found between location and treatment as to the mean number of mosquitoes 
collected (F = 4.2, df = 2, P < 0.0381), (Table 4). No significant interactions were found 
between location and competition (F = 1.2, df = 2, P < 0.3505), or any interactions found 
between competition and treatment (F = 1.5, df = 2, P < 0.2781). 
West Nile Viral Surveillance 
Between 1-20% of all Cx. quinquefasciatus females collected tested positive for 
the presence of West Nile Virus, and no Ae. albopictus females collected tested positive 
for the presence of West Nile Virus during the surveillance (Table 5). No male Cx. 
quinquefaciatus or Ae. albopictus males collected tested positive for the presence of West 
Nile Virus during the surveillance. There were no significant differences between viral 
presence in Cx. quinquefasciatus females and location (Pearson Test, /_2 = 0.302, P < 
0.8599). 
Environmental Conditions and the Effects on Mosquito Activity 
A positive correlation was found between the total number of mosquitoes 
captured and the mean (Fig. 6), minimum (Fig. 7), and maximum air temperatures (Fig. 
8) during the trapping period (Pairwise Correlations, correlation = 0.2840, P < 0.0001). 
This shows that temperature may have an effect on the numbers of mosquitoes available 
during a collection period. A negative correlation was found between the total number of 
mosquitoes and the average wind speed (Pairwise Correlations, correlation = -0 1407, P < 
0.0283), (Fig. 9), suggesting that wind speed may lower the numbers of mosquitoes 
available during a collection period. No correlations were observed between mosquito 
activity and mean precipitation (Fig. 10), or mean dew point (Fig 11), suggesting that 
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precipitation and dew point may not be limiting factors during the collection of 
mosquitoes 
Adult Gravid Female Mosquito Resistance Profiles 
The microplate analysis data measured levels of a and P esterases that caused 
broad organophosphate pesticide resistance in certain individual mosquitoes (Fig 12), but 
there was no significant evidence of oxidase-related pesticide resistance (Fig. 13). It is 
generally accepted that oxidase-resistant populations of Cx. quinquefasciatus have 
thresholds of 0.8 absorbance units, and only 9.38 % of the individuals tested above this 
threshold. There was also a significant amount of a and P esterase activity discovered in 
the sample. With a resistance threshold of 0.9, only 15 .62% of the Cx. quinquefasciatus 
females did not show any form of resistance (Brogdon 2002). These data indicate higher 
a-esterase levels relative to the p-esterase levels. There was evidence for the A2B2 
esterase amplicon presence in the mosquito populations of Fulton County, GA, with 
62 .5% of the mosquitoes sampled exhibiting this organophosphate pesticide resistance, 
and 22% of the mosquitoes sampled exhibiting the B1 esterase amplicon, that also causes 
broad organophosphate pesticide resistance (Small et al. 1998). A protein assay was run 
for each of the 32 individual mosquitoes (Fig. 14) to determine the relative size of each 
mosquito, in relation to a standard bovine serum albumin curve. A negative correlation 
was found between elevated non-specific a-esterases (Pairwise Correlations, correlation 
= -0 4000, P < 0.0233), a positive correlation was found between elevated non-specific P- 
esterases (Pairwise Correlations, correlation = 0.5689, P < 0.0007), and no correlation 
was found between oxidase levels (Pairwise Correlations, correlation = 0.0013, P < 
0.9943) in relation to measured protein levels in the mosquitoes tested 
Chapter IV 
Discussion 
Study Site 
A significant difference was found between the numbers of mosquitoes trapped 
between locations A, B, and C throughout the collection period, with location A yielding 
the highest number of mosquitoes per collection period, and location C yielding the 
lowest number per collection period. This may be due to the number of standing water 
potential oviposition sites available for the two species of mosquitoes found. Location A, 
located adjacent to a large pool of water was a feature in a stationary exotic avian 
enclosure. This large pool of water, which lacked a filtration system, permitted the water 
to ferment with a wide variety of substances including leaf litter, avian droppings, and 
other organic debris. The topography of the location, which had some low areas, also 
lent itself to standing water pools The location also contained a man made drainage 
system, which collected and pooled water under a series of metal grates. Leaf litter and 
other organic debris were observed in these pools on a regular basis. Location B was 
never observed to contain any standing water sources during the collection period. 
Location C was observed to have several pools of water collected on the recessed ground 
with leaf litter, hay, and other organic debris present most of the time. 
Differences between the numbers of mosquitoes trapped between locations A, B, 
and C throughout the collection period may also have been due to the availability of 
potential hosts for blood feeding, and thus allowed greater reproduction of the two 
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collected species Ae. albopictus and Cx quinquefasciatus in certain areas. Location A 
was located adjacent to an exotic avian enclosure, and an entrance corridor to the 
recreational facility that had a steady flow of human traffic during the daytime, year 
round. Locations B and C had no stationary mammal or stationary avian populations and 
no regular avian activity or human traffic during the collection period at these two sites 
Differences between the numbers of mosquitoes trapped between locations A, B, 
and C throughout the collection period may also have been due to the availability of 
resting sites, as the amount of wooded area being present has led to high densities of 
certain species of mosquitoes being collected in past studies (Boxmeyer and Palchick 
1999). Location A was the only site with sufficient deciduous foliage that covered most 
of the area, as well as containing several small utility sheds, a wooden fenced bird 
enclosure, and a large pavilion. Location B had some sparse pine saplings and two large 
buildings adjacent to it with adequate overhang, and location C contained no large 
foliage, but had a commissary building and a greenhouse next to it 
Differences between the numbers of mosquitoes trapped between locations A, B, 
and C throughout the collection period may also have been due to the dense foliage 
present that can lower daily mean temperatures by as much as 10oC, compared to 
adjacent open areas (Reiter 2001). Mosquitoes may have exploited this temperature 
variation at site A, which was the most successful site for collecting large numbers of the 
two species of mosquitoes 
Site A produced the largest collections, a mean of 68.7 mosquitoes per trapping 
period, possibly due to its proximity to the large exotic avian enclosure and standing 
water pool, as well as several smaller standing water sites within the location, a steady 
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stream of human traffic during the daylight hours through the corridor entrance to the 
recreational facility, a large number of resting sites within the location on building 
overhangs or foliage, and the dense foliage microhabitat. 
Infusion Preference 
Female Cx. quinquefaciatus were attracted most to the fescue grass infusion 
baited CDC gravid traps due possibly to its chemical or microbial contents. The 
organically rich fescue infusion has been found to be more attractive to this species of 
mosquito, which would be expected to be an appropriate medium to maximize larval 
survival (McCall and Eaton 2001). This medium is thought to attract large numbers of 
Culex species due to its similarity to the highly eutrophic aquatic sites known to be 
preferred by this group of mosquitoes (Lampman and Novak 1996). In field experiments, 
Cx. quinquefasciatus oviposition behavior, has been found to be mediated by the 
semiochemicals from the organically enriched water (Mboera et al. 2000). The alfalfa 
hay infusion also produced a strong oviposition attraction. The distilled water control did 
not produce any significant attraction throughout the collection period, probably due to 
the absence of organic medium in the water, and thus was not chosen by Cx 
quinquefasciatus mosquitoes as an appropriate oviposition medium. 
Female Ae. albopictus may have been attracted most often to the fescue grass 
infusion baited CDC gravid traps due to contact or noncontact semiochemicals present in 
the infusion, visual stimuli (the dark green tub of the gravid trap), or high relative 
humidity (Lampman and Novak 1996). Laboratory tests usually have ruled out color and 
humidity as major factors, and olfactometer tests suggest that the attraction to chambers 
with sod infusion in a laboratory setting may be due to volatile (noncontact) 
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semiochemicals (Lampman and Novak 1996). In this study, the alfalfa hay infusion 
produced significantly greater collections of Ae. albopictus, presumably due to the same 
volatile (noncontact) semiochemical Distilled water did not attract Ae. albopictus, which 
is unexpected due to the previously observed propensity of the species for ovipositing 
readily in clean water (Gubler 1971). 
Competition Experiment 
The distance between each individual gravid trap replicate, was shown to affect 
the number of mosquitoes captured during the collection period, when viewed as the only 
variable during collection. Once the two other sources of variation location and treatment 
were taken into consideration during statistical analysis, no effect was observed that 
could be directly attributed to the distances between the traps. This indicates that 
placement of gravid mosquito traps for future mosquito attractant studies with limited 
experimental space may be of less a consideration, since the traps may be spaced nearer 
and still avoid overlap of scents. 
West Nile Viral Surveillance 
Only Cx. quinquefasciatus females tested positive for WNV during the collection 
period, this is believed to be due most likely to their preference for avian blood, but they 
will also feed readily on mammals including humans (Sardelis et al 2001). It has been 
shown that the primary amplification cycle for WNV involves birds and omithophagic 
mosquitoes such as Cx. quinquefasciatus (Turell et al. 2001). Thus this species would be 
an excellent vector for WNV transmission from one avian species to another, but 
probably an inefficient enzootic vector from avians to humans (Turell et al 2001) 
Enclosed exotic avians and a consistent corridor of human traffic were found adjacent to 
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location A, which contained mosquitoes positive for the vims. Locations B and C had 
very little human traffic and smaller non-migratory avians, but also contained mosquitoes 
positive for the virus. Since the virus was not found in significantly different levels 
between the 3 separate locations, it can be assumed that the opportunity for feeding on an 
infected avian host and then transmitting the virus to another avian host was most likely 
the same throughout the recreational facility. 
No Ae. albopictus females tested positive for WNV during the collection period, 
although they have been shown to be highly efficient laboratory vectors of the virus 
(Turell et al. 2001). Ae. albopictus would be an ideal bridge vector between the enzootic 
avian cycle and horses or humans due to its habits of feeding on a variety of hosts 
(Savage et al. 1993). Since no Ae. albopictus females tested positive for WNV, it may be 
assumed that little feeding is taking place in the avian communities near the collection 
locations, thus limiting the spread of the virus to human populations nearby. Although 
vertical transmission of this virus is possible between the Culex and Aedes species 
mosquitoes, no vertical transmission occurred in the samples tested (Baqar et al. 1993) 
Environmental Conditions and the Effects on Mosquito Activity 
The number of mosquitoes captured increased with minimum, maximum, and 
mean temperature during the experiment. This has been observed in previous 
experiments that demonstrate that temperature affects population dynamics of Ae. 
albopictus (Alto and Juliano 2001). High temperatures have been shown to cause larger 
production of adults in these experiments, and at lower temperatures a lower production 
of adults resulted in studies of Cx. quinquefasciatus (Rueda et al. 1990). 
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The number of mosquitoes captured decreased with wind speed during the 
experiment. This can be attributed to difficulty of mosquito flight on high wind days 
Wind speed has been observed to reduce CDC gravid trap collections in open areas 
(Reiter 1986) 
Culex quinquefaciatus Adult Gravid Female Mosquito Resistance Profiles 
Cx. quinquefasciatus adult female mosquitoes were shown to have measurable 
levels of resistance to a range of organophosphates (OP) insecticides. This is believed to 
be due primarily to the amplification and over-expression of non-specific esterase, which 
is the most common resistance genotype (Hawkes and Hemingway 2001). The co- 
amplification of two esterase genes, a-esterase and P-esterase, is a semi-dominant 
characteristic found in Cx. quinquefasciatus (Hemingway et al 1990). This arrangement 
of enzymes cleave the organophosphate insecticide before it is able to arrive at its target 
molecules, acetylcholine (Hawkes and Hemingway 2001). 
The remaining Cx. quinquefaciatus adult female mosquitoes exhibited the much 
rarer P-esterase amplicon, that is less able to bind the organophosphate insecticides than 
the common A2B2 amplicon (Small et al 1998). Mosquitoes with the P-esterase 
amplicon are at a distinct selective disadvantage in competition with Cx. quinquefasciatus 
mosquitoes that carry the A2B2 amplicon (Small et al. 1998). Measuring the levels of 
protein in each individual helped in correcting for larger mosquitoes since larger 
mosquitoes may possibly have higher enzyme levels due to their size (Brogdon 2002). 
Conclusion 
These experiments clearly demonstrated the ability of the gravid mosquito trap to 
successfully collect large numbers of mosquitoes for West Nile virus surveillance and 
insecticide resistance profiles, when the appropriate oviposition attractant is used, and the 
procedures for collecting with this type of equipment are followed. This collection 
method should prove to be even more successful when environmental conditions can be 
projected for trapping nights, thus utilizing less time and obtaining a similar result in 
terms of collection size. Through a good understanding of the capabilities and limitations 
of this type of collecting method, surveillance for many types of arboviruses should 
become more successful and require less commitment of resources, than in the past. 
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Figure 1. United States counties reporting any WNV activity during 2002 
(CDC 2002a) 
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Table 4. Effect test measuring the source of variation for the mosquitoes collected at 
a Fulton County recreational facility. Prob > F values less than 0.05 are significantly 
different. 
Source of Variation df F-ratio Prob > F 
Location 2 12.34 0.0036 
Competition distance 2 2.55 0.1389 
Treatment 2 7.34 0.0154 
Location x Competition distance 4 1.29 0.3505 
Location x Treatment 4 4.29 0.0381 
Competition distance x Treatment 4 1.54 0.2781 
39 
Table 5. Results of Polymerase Chain Reaction (PCR) assays for determining the 
presence of West Nile Virus positive mosquitoes at each of the three locations in the 
Fulton County Recreational Facility. Numbers were obtained by pooling based on 
species and sex into groups of approximately 30. Location A was adjacent to an 
exotic bird enclosure in a deciduous area. Location B was adjacent to a grassy area 
located next to a horticultural center. Location C was adjacent to a motor pool in a 
pine straw area with sparse saplings. There was no significant difference between the 
numbers of West Nile Virus positive mosquitoes at the three locations. 
Viral Results A 
Location 
B C 
Total 206 41 35 
Negative 182 35 31 
Positive 24 6 4 
40 
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